A typical problem of Direct Contact Condensation (DCC) occurs at the LOX booster turbopump exit of oxidiser rich staged combustion cycle based semi-cryogenic rocket engines, where the hot gas mixture (predominantly oxygen and small amounts of combustion products) that runs the turbine mixes with LOX from the pump exit. This complex multiphase phenomena leads to the formation of solid CO 2 & H 2 O, which is undesirable for the functioning of the main LOX turbopump. As a starting point for solving this complex problem, in this study, the hot gas mixture is taken as pure oxygen and hence, DCC of pure gaseous oxygen jets in subcooled liquid oxygen is simulated using the commercial CFD package ANSYS CFX ® . A two fluid model along with the thermal phase change model is employed for capturing the heat and mass transfer effects. The study mainly focuses on the subsonic DCC bubbling regime, which is reported as unstable with bubble formation, elongation, necking and collapsing effects. The heat transfer coefficients over a period of time will be computed and the various stages of bubbling have been analysed with the help of gas volume fraction and pressure profiles. The results obtained for DCC of GOX-LOX mixtures is in qualitative agreement with the experimental results on DCC of steam-water mixtures.
Objective
• In a typical semi-cryogenic rocket engine working on staged combustion cycle, the booster turbine is run by the oxidiser rich combustion products from the pre-burner, which then mixes with LOX at the booster pump outlet.
• This leads to a complex direct contact condensation problem with heat transfer and phase change, including solidification of the combustion products CO 2 & H 2 O.
• The design of this direct contact condenser is an optimisation problem where the heat and mass transfer characteristics should not be so intense that the size of solid contaminants are outside the safety operational limits and at the same time, it should be high enough to convert the entire gas into liquid.
• The goal of this paper is to obtain the overall heat and mass transfer characteristics when pure oxygen gas jets/plumes condense in a pool of subcooled liquid oxygen, which provides an initial understanding to solve the original complex heat and mass transfer direct contact condensation problem.
Results and discussion

Literature Review
• In the open literature, there are no works reported on DCC of oxygen gas jets in liquid oxygen and hence, literature review focuses mainly on the DCC of steam jets in subcooled water. 
Conclusion
• A two-fluid multiphase formulation with thermal phase change model has been employed to capture the DCC bubbling phenomena in GOX-LOX mixtures.
• It has been observed that DCC condensation provides a heat transfer coefficient of approximately 10 times higher than the typical film condensation heat transfer coefficient for oxygen.
• It has been found that the heat transfer coefficient is maximum during the necking stage for GOX-LOX mixture which is also the case for reported works on steam-water mixtures.
• Pressure oscillations induced by bubbling was studied and it has been identified that peak to peak pressure oscillation amplitude is maximum at the necking stage.
• But, these peak to peak amplitudes are much lower compared to the DCC chugging regimes and hence can be considered comparatively safe from a structural design point of view.
Geometry and boundary conditions Parameter Value
Nozzle inlet mass flow rate (kg/s) 0.0051
Nozzle inlet temperature (K) 90.15
Liquid temperature (K) 65.15
Tank pressure (MPa) 0.1
• The mass flux at the boundary condition is computed to ensure a DCC bubbling regime.
• Gaseous oxygen at saturated condition enters through the nozzle and the initial conditions inside the tank is kept as subcooled liquid oxygen at atmospheric conditions. • A zero equation model is used to model the heat transfer effects on the gas side so that the gas is brought to the saturation conditions at the interface.
• The heat transfer on the liquid side is modelled using the commonly adopted Ranz-Marshall model as, Turbulence model. Standard k-ε turbulence model has been used to model turbulence characteristics in the liquid phase whereas dispersed phase zero equation model has been used on the gas side. • The pressure values show unstable oscillations and it can be observed that the peak to peak pressure amplitude is maximum during the necking stage.
• The interfacial area change is rapid during the necking stage which in turn gives rise to pressure oscillations of higher amplitudes.
• The maximum peak to peak pressure amplitude observed is around 2-3 kPa which is much lower compared to the values of 20-40 kPa for steam-water DCC chugging regimes .
• So, it can be inferred that DCC bubbling regime may not provide a treat to the structural integrity of the condenser as compared to the DCC chugging regimes.
• The heat transfer coefficient reaches a maximum during the necking stage and gradually decreases during the collapsing and elongation stages.
• It is due to the fact that the interfacial area decreases during the necking stage and hence, to maintain the same heat transfer rate, the heat transfer coefficient increases as given by the energy balance equation.
• These results are in qualitative agreement with the experimental results for unstable steam-water DCC obtained by Simpson et al., (1982) .
• Case 3 has been taken as the optimum grid for further simulations.
• The heat transfer characteristics of unstable DCC phenomena varies rapidly with the bubbling stages.
• It can be observed that the heat transfer coefficients are in the range of 6.5-9.5 W/cm 2 K, which are much higher compared to the typical film condensation heat transfer coefficients of oxygen, which are in the range of 0.3-0.8 W/cm 2 K. Table 2 Grid independence test results
